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Determination of Right Ventricular Pressure in the Presence of a
Ventricular Septal Defect Using Continuous Wave Doppler Ultrasound
DANIEL R. SILBERT, MD, SANDRA C. BRUNSON, MD, FACC, RUSSELL SCHIFF, MD,
SHMUEL DIAMANT, MD
New Hyde Park, New York
Continuous wave Doppler ultrasound was employed in
38 patients with ventricular septal defects, many with
associated lesions, to measure the velocity (V) of the
shunted blood. Using the modified Bernoulli equation
(IlP = 4V2) the pressure difference (IlP) between the
ventricles was determined. In 22 patients both right ven-
tricular and either left ventricular or ascending aortic
pressure were measured at the time shunt velocity was
determined. In another 16 patients these measurements
were not obtained simultaneously but in most they were
done within 24 hours of each other.
In the entire group, measured pressure differences
Proper evaluation of a ventricular septal defect requires an
accurate measurement of pulmonary flow as well as deter-
mination of pulmonary artery pressure. Of importance also
is the recognition of changes in right ventricular pressure
due to changes in defect size or to the development of
infundibular or peripheral pulmonary stenosis or of pul-
monary vascular disease.
The modified Bernoulli equation (I) gives a simple and
accurate relation between velocity of flow across a stenotic
orifice and the resulting pressure drop; pressure gradient (in
millimeters of mercury) = 4y2 , where Y is the velocity of
the jet in meters per second. This relation is theoretically
equally valid in the presence of a stenotic valve or a re-
strictive ventricular septal defect. Because left ventricular
peak pressure can be estimated noninvasively, this velocity
of shunted blood across the septal defect should lead to
noninvasive measurement of right ventricular pressure.
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betweenthe ventricles(or aorta and right ventricle)ranged
from 0 to 97 mm Hg (mean 52 ± 24). On the basis of
velocity measurements the pressure difference ranged
from 7 to 112mm Hg (mean 51 ± 24). Aclosecorrelation
was found between the two methods (r =0.95, SEE =
7.8 mm Hg), This accuracy was not altered by associated
lesions.
These findings indicate that by the use of continuous
wave Doppler interrogation right ventricular pressure
can be accurately measured in the presence of a ven-
tricular septal defect.
(J Am Coli Cardiol 1986;8:379-84)
Methods
Study patients. Continuous wave Doppler interrogation
of the ventricular septal defect jet was performed in 38
consecutive patients who underwent cardiac catheterization.
In 19 the jet velocity was measured at the time of cardiac
catheterization with simultaneous measurement of left and
right ventricular pressures. In two patients simultaneous
right ventricular and ascending aortic pressures were avail-
able and in one patient who had an associated coarctation
of the aorta, simultaneous right ventricular and right brachial
artery pressures were obtained, the latter by sphygmoma-
nometer. To obtain a left ventricular pressure estimate 10
mm Hg was subtracted from the right brachial artery pres-
sure. In 16 other patients pressure measurements and con-
tinuous wave Doppler data were not obtained simulta-
neously. Thirteen patients had right and left ventricular
pressure recordings while in three the ascending aortic pres-
sure was utilized. Doppler measurement was performed at
the close of cardiac catheterization in eight patients, within
24 hours in six and 2 months after catheterization in one
patient and 3 months before in another.
The subjects ranged in age from 2 weeks to 17 years
(mean 5.3 ± 4.4 years). Sixteen had an uncomplicated
ventricular septal defect. Five patients with tetralogy of
Fallot had a residual shunt after surgery, one with a simple
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ventricular septal defect had a remaining shunt and another Doppler technique. A Hewlett-Packard 77020AC ul-
also with a residual shunt had tricuspid and mitral insuffi- trasonograph was used with a 2.5 MHz continuous wave
ciency. Three patients had an associated patent ductus ar- Doppler transducer. The transducer was initially placed where
teriosus. Other lesions included dextrocardia with absent the murmur was loudest, and its location and direction of
inferior vena cava (l), coarctation of the aorta (2), infun- aim were carefully adjusted until the maximal velocity an-
dibular stenosis (3), endocardial cushion defect with infun- teriorly moving Doppler signal with a sharp spectral en-
dibular stenosis (l), aortic insufficiency (l), subaortic ste- velope was obtained. This was considered to represent the
nosis (l) and multiple ventricular septal defects (l). A large shunt velocity from which the left and right ventricular
number of patients with tetralogy of Fallot were excluded systolic pressure relations were obtained. Inalmost all cases
because their inclusion would have weighed the results heav- the procedure required less than 10 minutes to complete.
ily toward the low velocity zero gradient end of the spectrum Echocardiography. Sector scans were obtained with
and because their ventricular pressure relations were already either a 3.5 or a 5.0 MHz transducer. The septal defect was
known. visualized using the parasternal long- and short-axis views,
Table 1. Summary of Results in 38 Patients
Catheterization Data: Echocardiographic Data
Age
Systolic Pressure (rnrn Hg)
VSD Doppler Gradient
Case (yr) LV RV Difference Location (mmHg) Comment
I 10 120 55 65 Subaortic 61
2 4 115 77 38 Subaortic 41 Postop ToF
3 2 119 53 66 Not seen 64 Postop VSD, MI. TI
4 14 104 38 66 Subaortic 59 Postop VSD
5 2112 92 60 32 Not seen 29 Large PDA
6 5/12 96 36 60 Not seen 59 Dextrocardia, absent IYC
7 9 88 21 67 Subtricuspid 77 Small PDA
8 2 97 53 44 Subpulmonary 49
9 3 80 68 12 Subaortic 9 Postop ToF
10 5 110 43 67 Subaortic 61 Postop ToF
II 2/12 86 86 0 Subaortic, multiple muscular 7
12 17 115 20 95 Not seen 88 Coarc, rt arm pressure
13 3 106 25 81 Muscular mid-septum 67
14 7 104 61 43 Inlet 46 ECD, infundibular stenosis
15 3 97 28 69 Muscular mid-septum 59
16 3 85 31 54 Subtricuspid 50
17 3 86 42 44 Subtricuspid 38 Ao pressure
18 2 87 80 7 Subaortic 9 Ao pressure, postop ToF
19 6 91 29 62 Subpulmonary 69
20 12 105 51 54 Subaortic 61 Infundibular stenosis
21 10112 118 72 46 Subaortic 34 Infundibular stenosis
22 2 90 26 64 Muscular outlet 58
23 5 102 29 73 Inlet 61 Infundibular stenosis
24 6 97 25 72 Subpulmonary 67
25 4 105 62 43 Inlet 31
26 8 108 62 46 Subtricuspid 61 Ao pressure
27 10 134 37 97 Subtricuspid 112
28 1/24 71 71 0 Muscular mid-septum 7 Ao pressure
29 8 103 41 62 Not seen 71
30 2/12 87 60 27 Muscular mid-septum 23 Postop coarc
31 4 109 67 42 Subaortic 44
32 9 99 86 13 Subaortic 13 Ao pressure
33 6 103 46 57 Subaortic 42 Postop ToF
34 4 133 45 88 Subpulmonary 94 AI, severe
35 5/12 113 60 53 Subtricuspid 46 Turner's syn, coarc, PDA
36 13 127 54 73 Subpulmonary 64
37 13 87 22 65 Subpulmonary 71
38 7/12 88 69 19 Subaortic 29 Subaortic stenosis
AI = aortic insufficiency; Ao = aortic; Coarc = coarctation; ECD = endocardial cushion defect; IVC = inferior vena cava; LV = left ventricular;
MI = mitral insufficiency; PDA = patent ductus arteriosus; Postop = postoperative; rt = right; RV = right ventricular; syn = syndrome; TI =
tricuspid insufficiency; ToF = tetralogy of Fallot; YSD = ventricular septal defect.
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Discussion
Previous methods of determining right ventricular
pressure. Pulmonary artery pressure can be estimated non-
invasively from the ratio of right ventricular preejection
period to right ventricular ejection time (4, 5), or the ratio
of the acceleration time in the main pulmonary artery mea-
sured by Doppler ultrasound to the total duration of ejection
(6). Another method determines the time from pulmonary
valve closure to tricuspid valve opening (7) . This time dif-
ference and the heart rate predict pulmon ary artery systolic
pressure. These methods all have major limitations . They
appreciated, whereas in Patient 14 the velocity obtained led
to a considerable underestimation of the intraventr icular
pressure gradient.
Right bundle branch block was present in six patients
and altered the Doppler wavefo rm in three. In most patients
with normal conduction the waveform was symmetric
(Fig. 2A). The concurrently obtained ventricular pressure
trace is shown in Figure 2B. In the presence of right bundle
branch block, however, in three patients the waveform reached
an almost immediate peak followed by a gradual decline as
systole proceeded (Fig. 3A). Figure 3B shows the associated
ventricular pressures . When the waveform was not sym-
metric the velocity present at mid-systole was considered
to represent the peak to peak pressure difference (3) . Other
patients continued to show a normal Doppler pattern despite
the presence of a conduction delay (Fig. 4A). Figure 4B
depicts the corresponding ventricular pressures.
20 40 60 80 100 120
LV-RV PRESSURE DIFFERENCE
AT CATHETERIZATION (mmHg)
Figure l. Left (LV) to right (RV) ventricular pressure difference
determined by cardiac catheterization in 38 patients with ventric-
ularseptal defect comparedwith the pressure difference determined
by continuous wave Doppler measurement of the shunt velocity.
Simultaneous pressure and shunt velocity measurements are de-
noted by closed circles ; open circles indicate measurements ob-
tained at different times.
the apical four chamber view and subxiphoid long- and
short-axis views. The septal defect classification used by
Capelli et al. (2) was adopted .
Statistical analysis. The pressure difference obtained
between the right and left ventricles (or aorta) by catheter
measurement was compared with the pressure difference
obtained by Doppler ultrasound using a linear regression
analysi s. Data are expre ssed as mean ± SD.
Results
In 33 of the 38 patients the ventricular septal defect was
imaged echocardiographically. The location of the defects
and important associated lesions are listed in Table 1.
Catheterization data. Right ventricular pressure ranged
from 20 to 86 mm Hg (mean 50 ± 19), left ventricular
pressure from 80 to 134 mm Hg (mean 102 ± 14). The
pressure difference between the ventricles ranged from 0 to
97 mm Hg (mean 52 ± 24). Peak to peak pressure differ-
ences were recorded in all patients.
Doppler ultrasound data. Pressure difference deter-
mined by continuous wave Doppler ultrasound ranged from
7 to 112 mm Hg (mean 51 ± 24) after conversion of the
measured velocity (1.3 to 5 .3 m/s) to a pressure gradient
using the modified Bernoulli equation. The differences in
ventricular pressures measured directly and by Doppler ul-
trasound showed an excellent correlation both in the 22
patients in whom these measurements were obtained si-
multaneou sly and in the 16 patients in whom they were not
(Fig . 1): for the simultaneous group r = 0.94 , SEE = 9.5
and for the nonsimultaneou s group r = 0.95, SEE = 6.9.
When all 38 patient s were comb ined in one group , r =
0.95, SEE = 7.8 and Y = 2.40 + 0 .936X, where Y
represents the Doppler-derived pressure difference and X
the difference obtained at catheterization.
Four patients (Cases 20,21 , 23 and 14) had associated
right ventricular infundibular stenosis with an intraventr ic-
ular gradient determined at catheterization that was 26, 34,
38 and 43 mm Hg, respecti vely. In the first two patients
the anteriorl y directed shunt velocity signal correlated best
with the higher pressure found in the proximal right ventricle
rather than with the lower more distal right ventricular pres-
sure. In the other two patients, who had a slightly greater
pressure gradient within the right ventricle , the measured
shunt velocity (again anteriorly directed ) and the derived
pressure gradient agreed best with the lower pressure found
in the distal right ventricle . In one of these patients (Case
20) the pressure gradient within the right ventricle was re-
liably predicted by aiming the Doppler beam in a posterior ,
superior and slightly leftward direction from the upper left
sternal border , thereby interrogating either the right ven-
tricular outflow region or the main pulmonary artery. In two
other patients (Cases 21 and 23) a similar technique was
used but the right ventricular pressure gradient was not
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Figure 2. Patient31 . A, Continuous waveDoppler
recording of shuntvelocity (V). The velocity wave-
form is symmetric. B, Left and right ventricular
pressure (109 and 67 mm Hg, respectively) in the
same patientwith normal conduction. Pressure dif-
ference = 42 mm Hg.
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depend in part on conduction velocity , right ventricular con-
tractility or compliance and on the impedance properties of
the pulmonary vascular tree.
Continuous wave Doppler measurement of right ven-
tricular pressure. Our results and those of others (8-10)
show that with the use of a continuous wave Doppler trans-
ducer the shunted blood traversing the ventricular septal
defect can be interrogated at an angle that is close enough
to 0° to avoid a significant underestimation of the shunt
velocity. When velocity alone is measured , an angle of 20°
between the direction of flow and the sound beam introduces
an error of only 6% (cos 20° = 0.94) , but the Bernoulli
equation squares the velocity and would introduce a gradient
underestimation of about 12% if the angle were 20°. Evi-
dently, in most if not all cases, it was possible to achieve
an angle between sound beam and shunted blood of ap-
proximately 10° or less. Experimental data suggest that the
shunt stream may disperse in the form of a spray (11,12).
The conical shape of a spray may result in the ability to
achieve a favorable angle. In most ventricular septal defects
the shunt direction is anterior, superior and to the right but
the dominant direction may differ in some muscular defects
where the direction is more inferior as well as in some
postoperative residual defects.
Effect of multiple defects. One of our patients had mul-
tiple ventricular septal defects but right ventricular pressure
was at the systemic level. Only one other patient (Case 5),
who had a large patent ductus arteriosus, had more than one
significant communication between the pulmonary and sys-
temic circuits at the ventricular or great vessel level . One
would expect that multiple communications would not in-
validate the Bernoulli equation and there is experimental
evidence (13,14) to support this expectation . In the patient
with a large patent ductus arteriosus the ventricular septal
defect was small and closed spontaneously within 2 months.
Significant pulmonary and right ventricular hypertension
were present because of the large patent ductus arteriosus
and, as a result, shunt velocity through the ventricular septal
defect was low and accurately predicted the pressure dif-
ference between the ventricles.
Effect of right bundle branch block. Right bundle branch
block results in a greater than normal time lag between left
and right ventricular depolarization . As a result, the max-
imal pressure difference between the ventricles will occur
earlier and be greater than the peak to peak ventricular
pressure difference (Fig. 3B). This causes a Doppler wave-
form that reaches an almost immediate peak followed by a
progressive drop (Fig. 3A). In these instances the velocity
obtained at the midpoint of the waveform was used to com-
pute ventricular pressure differences.
There is evidence (3) that suggests that in the presence
of aortic stenosis the aortic velocity present in midsystole
most accurately reflects the peak to peak gradient between
the left ventricle and the aorta . This may apply also to
the ventricular septal defect waveform but confirmation is
lacking.
Comparison of continuous and pulsed wave Doppler
ultrasound. Ventricular septal defect shunt velocity has
been measured using both pulsed wave (15,16) and contin-
lACC Vol. 8, No.2
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Figure 3. Patient 9. A, The Doppler shunt velocity
reaches an early maximum (upper arrow) that pre-
cedes the peak. to peak ventricular pressure differ-
ence. The lower arrow indicates the shunt velocity
at the estimated time of right ventricular peak pres-
sure. Exact determination is not possible because
of the unknown time lag of the catheter transducer
system. B, Left and right ventricular pressure (80
and 68 mm Hg, respectively) in the same patient
with tetralogy of Fallot and a postoperative ven-
tricular septal defect and right bundle branch block.
The right-sided catheter has a delayed response time
compared with the left ventricular pressure record-
ing, thereby exaggerating the early systolic pressure
difference between the two ventricles. Pressure dif-
ference = 12 mm Hg.
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is aimed in a superior rightward and posterior direction from
a point between the lower sternal border and the cardiac
apex. In marked contrast the septal defect signal moves
anteriorly and is detected by placing the transducer along
the mid or upper left sternal border and aiming it in a
Figure 4. Patient 3. A, Shunt velocity (V) recording. Despite the
presence of right ventricular conduction delay, the velocity
waveform is symmetric. B, Right and left ventricular pressure (53
and 119 mm Hg, respectively) recording in the same patient with
a residual postoperative ventricular septal defect and both tricuspid
and mitral insufficiency. Right bundle branch block is present.
Pressure difference = 66 mm Hg.
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uous wave (9) instruments. The continuous wave technique
has several major advantages. A better signal to noise ratio
is obtained with continuous wave Doppler ultrasound (17).
The precise measurement of peak velocity is important es-
pecially at high velocities where a small error in measure-
ment will lead to a considerable error in the computed ven-
tricular pressure gradient. The problem of aliasing does not
exist with continuous wave Doppler ultrasound whereas even
with high pulse repetition frequency Doppler ultrasound it
may be present. There is also evidence (17) that the latter
method is inaccurate when high velocities are encountered.
No image is present for guidance with the continuous wave
Doppler transducer used in this study but even in the pres-
ence of very small shunts it was usually possible to obtain
consistent and accurate velocities in a few minutes.
Doppler pattern in other abnormalities. Other abnor-
malities may produce a murmur similar to that of a ven-
tricular septal defect and may also cause a rapid systolic
jet. Tricuspid insufficiency can be mistaken clinically for a
ventricular septal defect but the regurgitant jet is detected
as a negative signal (18) when the interrogating sound beam
···.····.····.····,····,····.····.····.····,····.····1....,....,...
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posterior leftward and generally inferior direction. The Dop-
pler signal resulting from pulmonary stenosis as well as the
signal obtained precordially from aortic stenosis or apically
from mitral insufficiency will in all instances move away
from the transducer. When the appearance of the Doppler
signal as well as the location and aim of the transducer are
taken into account, misinterpretation of the data is most
unlikely.
Presence of associated infundibular stenosis. Exper-
imental data indicates that in the presence of infundibular
tunnel stenosis of the right ventricle, the true gradient may
be underestimated (13,19) by continuous wave Doppler ul-
trasound. This may account for the underestimation of the
infundibular gradient in one patient and for the inability to
detect it in two others.
The cineangiogram of the three patients with a ventricular
septal defect and infundibular stenosis indicated that the
shunted blood entered both the proximal high pressure chamber
as well as the distal lower pressure region. In the fourth
patient this could not be determined. With current methods,
it is not possible to ascertain noninvasively which region
the measured shunt is entering, but in the future the color
Doppler technique may provide the answer.
Conclusions. With the use of continuous wave Doppler
ultrasound it is possible to rapidly and accurately measure
right ventricular pressure in the presence of a ventricular
septal defect. The location of the defect, including residual
postoperative defects, did not influence the accuracy of the
method. The only significant limitation encountered oc-
curred with patients who had associated right ventricular
infundibular stenosis. With the future use of color Doppler
examination and shunt velocity measurement this limitation
may be overcome.
We thank Leah Cheruff and Julie Sinisi for invaluable help in obtaining
much of our data.
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